Patients with primary pancreatic lymphoma (PPL), which is rare, require a different therapeutic approach and have a better prognosis than those with pancreatic cancer. However, conventional imaging modalities alone are not able to differentiate between pancreatic cancer and other rare tumors such as PPL, although the accurate diagnosis of PPL is crucial. The development of new modalities such as F-18 2'-deoxy-2fluoro-D-glucose (FDG) positron emission tomography combined with computed tomography (PET/CT) contributes to the evaluation of lymphoma staging. However, few reports are currently available regarding PET/CT findings in PPL. In this study, a 56-year old man with PPL was examined using FDG PET/CT imaging, which showed the unique intense uptake of FDG in the pancreas with atypical findings of malignancy in the CT scan and magnetic resonance images.
Introduction
Both Hodgkin's and non-Hodgkin's types of lymphoma exist. Non-Hodgkin's lymphomas often invade extra-lymphatic organs, while Hodgkin's lymphomas rarely disseminate to extra-lymphatic organs. More than 25% of non-Hodgkin's lymphomas originate from extra-lymphatic organs, approximately 30% of which may involve the pancreas (1) . Primary pancreatic lymphomas (PPL) are usually non-Hodgkin's lymphomas and isolated PPL is quite rare (2) . Only three cases (1.5%) of pancreatic lymphoma were found in a review of 207 cases of malignant pancreatic tumors (3) . Clinically, PPL is likely to be misdiagnosed as pancreatic cancer. However, patients with PPL require a different therapeutic approach and have a better prognosis than those with pancreatic adenocarcinoma. Conventional imaging modalities alone are not able to differentiate between pancreatic adenocarcinoma and PPL, although the accurate diagnosis of PPL is crucial.
The development of a new modality such as F-18 2'-deoxy2fluoro-D-glucose (FDG) positron emission tomography combined with computed tomography (PET/CT) has contributed to the evaluation of human cancers and the usefulness of PET/CT has been well established for lymphoma staging (4, 5) . However, few reports are currently available that pertain to PET/CT diagnosing PPL. In this study, a 56-year-old man with PPL was examined using PET/CT imaging. Results showed the unique intense uptake of FDG in the pancreas with atypical findings of malignancy in the CT scan and magnetic resonance images (MRI).
Patient and methods
A 56-year-old, asymptomatic man was admitted to Tokai University Hachioji Hospital for further examination following an abdominal ultrasound study that showed a mass shadow in the pancreas. A physical examination did not reveal any abnormal findings or systemic lymphadenopathy. Blood analysis showed a slight elevation of the serum interluekin-2 receptor (604 ng/ml) without other abnormalities, including tumor markers such as carcinoembryonic antigen and CA19-9. An abdominal CT scan showed a 5-cm tumor located in the head of pancreas, while an enhanced CT scan showed a slight increase in the tumor without encasement of arteries or veins. The MRI showed a mass with homogeneously high signal intensity on T2-weighted images and low signal intensity on T1-weighted images with gadolinium enhancement (Fig. 1) . The CT and MRI findings described above suggested not pancreatic cancer but massive pancreatitis. Endoscopic retrograde cholangiopancreatography did not demonstrate either stenosis or obstruction of either the main pancreatic or common bile duct. Informed patient consent was obtained, as well as approval for the study by an ethics committee of our institute.
The patient underwent 18 F-FDG PET/CT scans. PET/CT imaging was performed with Biograph Duo (Siemens CTI The Biograph Duo allows for the simultaneous collection of 64 slices over a span of 15.8 cm with a slice thickness of 2.5 mm and a transaxial resolution of 6.3 mm. All data were reconstructed with OSEM image. One hour (early scan) after the intravenous administration of approximately 3.7 Mbq/ kg of 18 F-FDG, a transmission scan using CT for attenuation correction and anatomical imaging was acquired for 90 sec with a delayed scan after 2 h. To determine the semi-quantitative FDG uptake, regions of interest (ROIs) were placed over the lesion, including the highest uptake area (circular ROI, 1 cm in diameter), and the standardized uptake value (SUV) was calculated. The early PET/CT showed an intense abnormal FDG uptake (SUVmax, 8.67) in the head and body of the pancreas, and a moderately increased uptake in the tail of the pancreas (Fig. 2) . The delayed scan demonstrated a more intense FDG uptake (SUVmax, 10.3) in the pancreas. No other areas showed an abnormal uptake of FDG apart from the pancreas. The PET/CT findings strongly suggested malignancy of the pancreas without lymphatic or systemic metastasis.
Results
Histopathologic study. A laparoscopic examination was performed and biopsy specimens were obtained. Microscopic examination showed diffuse infiltrative growth of T-lymphoid cells (Fig. 3) . Multiple foci of B-lymphoid cells with small nodular or aggregate features were noted. The B cells showed a medium to relatively large morphology. The cells were embedded in the fibrous or hyalinizing stroma. The immunohistochemical analysis showed that the neoplastic cells were CD79a(+), CD20(+), BCL-2(+), CD3(-) and CD10(-). The MIB1 (Ki67) index was ~70-80%. A histopathological examination confirmed the diagnosis of a low grade B-cell pancreatic lymphoma. The patient underwent an aspiration biopsy of the bone marrow; however, no abnormality was noted. He received chemotherapy after surgery.
Discussion
PPL is an extremely rare disease which occurs in the pancreas, with or without the involvement of peripancreatic lymph nodes. The clinical manifestation and imaging result of PPL resembles other pancreatic occupying lesions such as pancreatic carcinoma. However, unlike carcinomas, PPLs are potentially treatable even if not found at the early stage. PPL accounts for fewer than 2% of extra-nodal malignant lymphomas and 0.5% of cases of pancreatic masses (6, 7) . Fewer than 150 cases of PPL had been reported in the literature until 2006 (8) .
Imaging results play a key role in the diagnosis of PPL. Percutaneous ultrasound (US), CT scan and MRI are wellestablished procedures used in the evaluation of pancreatic masses (9, 10) . CT is the most common imaging technique used in the detection and characterization of pancreatic tumors. The CT image of PPL resembles that of pancreatic carcinoma, including enlargement of the pancreatic head and density changes. However, fewer signs of invasion of large vessels and metastasis to the liver and spleen are observed. Pancreatic duct dilation is less common in PPL compared to pancreatic cancer. Merkle et al reported that the combination of a bulky localized tumor in the pancreas without significant dilation of the main pancreatic duct supports a diagnosis of pancreatic lymphoma as opposed to adenocarcinoma (11). MRI findings in PPL usually show homogeneously high signal intensity on T2-weighted images and low signal intensity on T1-weighted images (12) . Arcari et al stated that conventional imaging techniques suggest the suspicion of PPL but are unable to distinguish PPL from pancreatic adenocarcinoma (13) . PPL is a rare disease with non-specific symptoms, laboratory tests and imaging examination results (14) . Therefore, the final diagnosis of PPL should depend on a histopathological examination. The first choice for PPL treatment should be a combination of chemotherapy and radiotherapy as opposed to surgery. The development of FDG-PET/CT contributes to the evaluation of human cancer staging and the usefulness of PET/CT has been well established for lymphoma staging (5), whereas only one report regarding PET findings in PPL was previously published (15) . Yoon et al reported that FDG-PET imaging, and not PET/CT, showed round intense FDG uptake in the center of the midabdomen in a patient with PPL. However, results of the PET/CT imaging for a 56-year-old man examined in our study showed a unique intense uptake of FDG in the pancreas as well as atypical findings of malignancy from a CT scan and MRI. The results therefore show that further accumulation and analysis of PET/CT images of PPL may provide additional and novel information to the data currently available from conventional imaging such as US, CT and MRI for the evaluation of pancreatic tumors.
